Cotransduction of two or even three plasmids was -observed when a Staphylococcus aureus strain, carrying five distinct, compatible plasmids, was used as
The simultaneous transduction of several plasmid-borne markers represents an important argument for their presence on the same plasmid (1, 13) . The cotransduction of independent plasmids was, however, reported in several instances in Escherichia coli (2) as well as in Staphylococcus aureus (4, 14, 15) . In S. aureus, only the plasmids belonging to the small-size class (12) carrying a single resistance marker seem to be implicated in cotransduction.
The mechanism of the cotransduction of distinct plasmids is not yet clear. The plasmids found in cotransductants were reported to be independent and apparently identical with the original plasmids (5, 15) . Moreover, no co-integrate forms could be isolated from cells carrying cotransducible plasmids (14, 15) .
The present work was conducted in an attempt to elucidate the relationships between cotransducible plasmids in S. aureus. The results obtained point to the possibility of genetic interactions between cotransducible plasmids and suggest that a transient, reversible association of plasmids is involved in their cotransduction.
MATERIALS AND METHODS
Bacterial strains and plasmids. All the bacterial strains used were derivatives of S. aureus NCTC 8325 (Table 1) . Strains RN450(8325-4) (11) and RN981(8325-4 his-7 recAl) (16) were kindly supplied by R. Novick. The phenotype and derivation of plasmids are presented in Table 2 .
Bacteriophages. Phage 8O±a (7) was used in all transduction experiments.
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Transduction. The procedure used has been described elsewhere (8) . The selective concentrations were: streptomycin (Sm), 150 ,ug/ml; chloramphenicol (Cm), 15 ,ug/ml; erythromycin and tetracycline (Tc), 5 ,ug/ml; and penicillin, 0.15 IU/ml. Plasmid cotransduction was evaluated by replica plating the transductants, which were selected for the resistance marker of one plasmid, on nutrient agar plates containing appropriate selective agents for other plasmid(s).
Analysis of the plasmids carried by cotransductant clones. Phage 80,ua lysates were obtained from each cotransductant and used for transduction to a plasmid-negative recipient with selection for each resistance marker. The resulting transductants were tested for the cotransduction of an unselected marker(s). A transductant carrying separately each resistance marker (when possible) was stored and used for the determination of the incompatibility properties ofthe carried plasmid, as described before (8) .
Plasmid loss. The method previously described (8) was used to qualitatively evaluate plasmid stability. The segregation kinetics of the temperaturesensitive plasmid mutant, pSA0301, at the restrictive temperature, from different strains was determined as follows. A culture containing mostly plasmid-positive cells was grown overnight in brain heart infusion (Difco) broth at 32°C and used as inoculum for cultures grown with aeration in the same medium at 43°C. The cultures were diluted with fresh broth when necessary to maintain exponential growth. Samples were withdrawn at different times, vigorously shaken (Whirlimixer, Fisons Scientific Apparatus Ltd.) to minimize the clumping, and plated for total and plasmid-positive colony-forming units (CFU) on nutrient agar and nutrient agar containing 1 ug of Tc per ml, respectively.
RESULTS
Plasmid cotransduction from the multiresistant strain SA217. Strain SA217 was constructed by successive transductions of five distinct, compatible plasmids to 8325 (Table 1) . Transduction frequencies of each plasmid from SA217 were found to be of the same order of magnitude as the frequencies obtained when strains carrying the same plasmids separately were used as donors. When the plasmids were transferred from SA217 to a plasmid-negative strain, a fraction of the transductants selected for a certain plasmid acquired simultaneously other unselected plasmids (Table 3) . Not all possible combinations ofplasmids were cotransduced. In fact, some plasmid pairs, i.e., (14); assignment of the present plasmids was based on incompatibility tests using recombinant plasmids (unpublished data).. b Other resistance markers usually carried by penicillinase plasmids (13) were not tested. Several plasmid pairs were used for this test. The first pair included the plasmids pSA0501 and pT181. No recombinant plasmid with both resistance markers (Sm and Tc) of these plasmids could be isolated from the cotransductant clones. However, 6 of 75 cotransductants tested were found to carry plasmids with new properties. One type of "new" plasmid was represented by a Sm resistance plasmid presenting properties similar to those of pSA0501: stability in the host cell, incompatibility with pSA2107 (8), frequency of transduction and level of resistance conferred, but at the same time incompatibility with pT181. One of these plasmids was named pSA2200 and used for further studies. The simplest explanation seems to be that pSA2200 acquired by recombination at least a fragment of the region of pT181 specifying its incompatibility properties.
The other new plasmid class coded for Tc resistance and had a rather peculiar behavior. Plasmid pSA0302 ( Table 2 ) was used as a representative of this class. pSA0302 was identified in a cotransductant clone carrying also a Sm resistance plasmid, apparently identical with pSA0501. It was not possible to obtain clones carrying only pSA0302. The loss of pSA0501 was always accompanied by the loss of pSA0302. On the other hand, pSA0302 was transduced with a 20 times lower frequency than pT181, and all the Tc-resistant transductants received pSA0501 too, whereas only 1 to 3% transductants selected for Sm resistance became Tc resistant.
Strains carrying plasmids pSA0302 and pC221 were obtained by cotransduction of these plasmids from donors also harboring pSA0501 to a plasmid-negative recipient. The same behavior of pSA0302 was observed when the coexistent plasmid was pC221 instead of pSA0501. It is worth mentioning that pC221, like pSA0501, proved to be cotransduced with pT181 with a rather high frequency. pSA0302 was genetically extremely unstable, being lost at a rate of about 2.0 x 10-' per cell per generation from clones where it coexisted with either pSA0501 or pC221.
The second plasmid pair tested derived from the recombinant plasmid pSA2100 (8) , which confers resistance to Sm and Cm, and pT181. Relationships between cotransducible plasmids present in the same host. The behavior of plasmid pSA0302 described above suggested an interaction in the host cell between it and the coexistent plasmids. To obtain some information about the mechanism of this interaction, the effects of different plasmids on the segregation kinetics at the restrictive temperature of pSA0301 (a temperature-sensitive mutant plasmid, derived from pT181) were tested.
After a shift to 43°C, the number of plasmidpositive (Tc-resistant) CFU of strain SA246, harboring only pSA0301, increased by a factor of about 15 to 20 and then leveled off, while the total number of CFU continued to increase exponentially (Iordanescu, Arch. Roum. Pathol.
Exp. Microbiol., in press). When, besides pSA0301, the plasmid pSA0501 or pS194 was present in the same host, quite different results were obtained: the number of Tc-resistant CFU continued to increase at 43°C with a rate of about 5.0 x 10-1 that of the total number of CFU (Fig. 1) . To test whether the Tc resistance plasmid present in these strains still carried the mutation responsible for the temperaturesensitive phenotype, it was transferred to a plasmid-negative strain and its behavior at 43°C was studied. In every case, the transferred plasmid proved to be as affected at 430C as the obtained with strains carrying pC221 and pSA0301, although in this case a lower rate of growth of Tc-resistant cells was observed at 430C (Fig. 1) . That this effect was not nonspecific was demonstrated by the fact that the presence of pC194, which was only seldom cotransduced with pT181 (Table 3) , had no significant consequence on the segregation kinetics of pSA0301 at the restrictive temperature.
Thus, it seems that distinct, compatible plasmids may suppress a replicative defect carried by another, independent, cotransducible plasmid.
DISCUSSION The results presented demonstrate unequivocally at least one point: that a genetic exchange can take place between distinct, compatible plasmids when the plasmids are cotransduced. The new plasmids obtained by the interaction between the two small plasmids used, pSA0501 and pT181, were represented by a plasmid carrying all the testable markers ofpSA0501, in addition to at least part of the incompatibility region of pT181, and an apparently completely defective Tc resistance plasmid. These two types may represent reciprocal recombinants, since the incompatibility determinant(s) seems to be in some way involved in replicative autonomy (17) . However, plasmids belonging to each of the two new types were never isolated from the same cotransductant clone.
The interaction between pT181 and pSA2100 also presented some peculiarities, which resem-bled the interaction reported for E. coli plasmids by Kopecko and Cohen (10) . Apparently, the entire pT181 genome can become stably integrated in pSA2100, replacing at least the Sm resistance determinant of this plasmid. A more thorough genetic study, coupled with heteroduplex analysis, is necessary in order to accurately establish the genetic makeup of all new plasmids isolated.
The existence of genetic interactions between distinct, compatible plasmids raises several questions concerning their significance for the cotransduction phenomenon and the structural basis and mechanism of these interactions. For the time being, only tentative answers can be suggested.
It is probable that cotransducible plasmids can establish a transient association between them. The association would probably involve a site-specific recombination, since most cotransductants carried plasmids indistinguishable from the original ones and, in addition, compatible plasmids are known to share usually only a very limited sequence homology (3) . Since the size ofthe deoxyribonucleic acid ofthe plasmids used in this study, i.e., pT181, pS194, pC221, does not exceed 3 x 106 daltons (14; R. Novick, personal communication), it is possible for a transducing particle to carry the entire genome of several plasmids. It seems possible that an important enrichment of the associative forms takes place in the transducing particles compared with the donor cells, the transducing frequency of the recombinant plasmids carrying more than one resistance marker being always 10 to 100 times higher than that of the parental plasmids (8; 
unpublished data).
A transient association between cotransducible plasmids would also explain the data obtained on the segregation of pSA0301 at the restrictive temperature in the presence of pSA0501 or pC221. Since pSA0501 and pC221 belong to different incompatibility groups and both are compatible with pSA0301, a complementation of the replication defect of pSA0301 seems to be unlikely (6) . Possibly the "helper" function of pSA0501 or pC221 for the maintenance of the mutant plasmid at the restrictive temperature is achieved by a transient association of pSA0301 with the "helper" plasmid and its replication only in this situation. A similar mechanism may explain the necessity of a "helper" plasmid for the maintenance of pSA0302 in the host cell.
The associative forms would represent at any given time only a very small proportion of the extrachromosomal deoxyribonucleic acid, and therefore these forms could not be detected by the usual isolation procedures.
The significance of the plasmid interactions reported here for the evolution of staphylococcal plasmids can not yet be estimated. However, the resulting recombinant plasmids could be of great help in the genetic analysis of small staphylococcal plasmids.
